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Abstract: The goal of this work is to carry out an economic analysis of a novel floating offshore
wind structure, of which the main material is concrete: the SATH® platform. It takes a step forward
in floating marine wind energy research, in which traditional platforms are mainly composed of
steel. The technique to calculate the costs of the platform and the economic parameters to decide
if the farm is economically feasible are explained in the paper. This case study analyzes a possible
farm of 500 MW located in Portugal and several scenarios considering different electric tariffs and
capital costs (Scenario 1: electric tariff of 50 €/MWh and 6% of capital cost; Scenario 2: electric tariff
of 50 €/MWh and 8% of capital cost; Scenario 3: electric tariff of 150 €/MWh and 6% of capital cost;
Scenario 4: electric tariff of 150 €/MWh and 8% of capital cost). Results show the economic feasibility
of a farm with the characteristics of Scenarios 3 and 4. This work is significant in order to provide a
new approach to analyzing traditional floating offshore wind structures, which can represent a path
towards the future of floating offshore renewable energy technologies.
Keywords: IRR; SATH; concrete; floating offshore wind; LCOE; ocean renewable energy; NPV
1. Introduction
Due to the limits in fossil fuel reserves and the environmental problems caused by their combustion
(since these are primarily responsible for greenhouse gases (GHG) [1,2]), numerous countries have
made energy transition policies that highlight the need for less-polluting alternative energies, such as
renewable energy.
In the Paris agreement [1], it was established as a priority objective to achieve a 20% reduction
in greenhouse gases compared to 1990 and to increase to 80% in 2050 [3]. During the last few
years, the European Union has developed significant methods to increase electricity generation using
renewable resources. The fraction of renewable energies in the final electrical consumption increased
from 8.5% in 2004 to 17% in 2016 [4].
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Among renewable energies, one of the greatest possibilities is wind energy, representing 28% of
the additional renewable capacity [5]. In 2018, at least twelve countries around the world achieved or
exceeded 10% of their annual electricity consumption using wind resource.
In the offshore context, seven countries on the European continent and two on the Asian continent
produced 4.5 GW, raising the cumulative global capacity by 24% to 23.1 GW. The success of offshore
wind energy in Europe has generated interest in other regions. The future of wind energy will be
focused on repowering onshore wind farms [6,7] or installing wind farms in offshore waters, where
the wind resource is higher, but where there are other factors, such as areas where the farms cannot be
installed (navigation areas, protected regions, etc.) [8].
Within the field of marine wind energy, it is important to show the evolution of this type of
energy since 1991 [9,10]. In this year, the first offshore wind farm was built on the island of Lolland
(Denmark). This offshore wind farm was named Vindeby Offshore Wind Farm [11] and was built by
the Elkraft company (Lolland, Denmark), one of the predecessors of today’s giant marine wind power
company DONG Energy [12]. At that time, marine wind power was somewhat symbolic. The park
was composed of 11 wind turbines with a power of 450 kW each, totaling 4.95 MW of power.
From that moment, different technologies for the production of wind energy on the high seas
began to be studied and their evolution through the years has been remarkable. It is expected that in
the year 2030, 190 GW of offshore wind will be installed [13].
There are two main types of structures for the use of marine wind energy: those that are
fixed [14–16] to the seabed and floating structures. Fixed structures are designed for depths less than
50 m and floating structures for depths greater than 50 m. Among the fixed structures we can talk
about monopole, tripile, jacket, gravity structures. Within the floating structures we can talk about the
Tension Leg Platform (TLP), spar, semi-submersible, TELWIND, SATH [17–20].
The SATH® (Bilbao, Spain) concept means Swinging Around Twin Hull [21] and it is a new
concept of floating offshore wind structure developed by the Spanish Saitec company (Bilbao, Spain).
It is a semisubmersible concrete floating offshore wind structure. It has a Single Point Mooring system
based on a structure that connects all moorings and the main electric cable to the same point in space.
The main advantages of the SATH® concept regarding other platforms are [21]:
• Total onshore construction.
• Use of high-durability concrete, reducing maintenance costs.
• Worthy scalability of the turbine size for mass production of large wind farms.
The main disadvantage of this new concept is that it needs time to be proven on the sea in order
to increase its grade of development and produce it commercially.
One of the main problems of marine structures is the severe working conditions they are subjected
to. Among these, marine corrosion occupies a very important role [22]. This causes the cost of these
platforms to rise since the cost of maintenance is very high. As a result, their profitability decreases.
That is why alternatives to these materials have been sought, and the exchange of steel for concrete
in these structures is being studied. With this new material, the life of the structure is increased to
50 years and maintenance is reduced. Subsequently, the cost of the energy obtained is also lower and
more competitive [23]. In addition, the weight of these new structures is different from the steel ones,
which can make their installation easier.
There are different projects that have studied wind structures with concrete. Among them is
WindCrete [24,25] (a project of the UPC-BarcelonaTech in Barcelona), TELWIND [19,26] (Esteyco
company, Madrid, Spain) and SATH [27] (Saitec company, Bilbao, Spain).
The aim of this paper is to carry out an economic analysis of an innovative floating offshore
wind platform whose main material is concrete: the SATH® platform. The floating offshore wind
platforms analyzed in previous studies consider concepts built on steel (for instance: WindFloat, TLP
or Hywind platforms); however, concrete can have some advantages when comparing its properties
with steel. In addition, SATH® platform has an advantage to others in that the installation process
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is easier and cheaper than other platforms [21]. This paper will develop a method to calculate the
costs of the platform and the economic parameters necessary to assess whether or not the farm is
economically feasible. The case study will analyze a farm of 500 MW located in Figueira da Foz
(Portugal) and presents several alternatives depending on the electric tariff and the capital cost taken
into account. Results show if a farm of these characteristics is economically feasible or not and presents
the parameters its profitability depends on. The original contribution of this paper is to analyze
economically this new type of concrete floating offshore wind platform, the SATH® concept, which
can exemplify the future of the floating offshore wind industry in the world.
2. Methods
2.1. Calculation of the Costs
The method suggested for calculating the costs of the SATH® platform (LCSSATH) is based on the
costs of the life-cycle of the project considering all of its phases [28]: conception and definition (C1),
design and development (C2), manufacturing (C3), installation (C4), exploitation (C5) and dismantling
(C6) of the concrete floating wind farm, such as Equation (1) is shown [28].
LCSSATH = C1 + C2 + C3 + C4 + C5 + C6 (1)
The investment of the farm is based on C1, C2, C3 and C4 costs in the first years of the construction
of the platforms and the farms. C5 is developing during all the years of the exploitation of the farm,
when it has initiated its operational life. C6 is considering only in the last year of the life of the farm
(20 years in this study).
First, conception and definition cost depend on the cost of legal aspects (C11) and the cost of the
previous studies (wind resource, the sea states and the seabed) (C12), as Equation (2) is shown [28].
C1 = C11 + C12 (2)
Second, the design and development cost is based on the cost of the special purpose vehicle (SPV)
cost (C21), as Equation (3) is shown [28].
C2 = C21 (3)
Third, the cost of manufacturing all the components of the farm depend on the wind turbine
manufacturing cost (C31), the SATH® platform manufacturing cost (C32), the mooring manufacturing
cost (C33), the anchoring manufacturing cost (C34) and the electric system manufacturing cost (C35),
as Equation (4) is shown [28].
C3 = C31 + C32 + C33 + C34 + C35 (4)
On the other hand, the cost of installing the farm is composed of the costs of installing [29]: the
wind turbine (C41), the SATH® platform (C42), the mooring and anchoring system (C43) and the electric
system (C44), as Equation (5) is shown [28].
C4 = C41 + C42 + C43 + C44 (5)
The exploitation cost is function of the assurance cost (C51), the administration and operations
cost (C52), the maintenance cost (C53), the onshore logistics costs (C54) and the offshore logistics cost
(C55), as Equation (6) is shown [28].
C5 = C51 + C52 + C53 + C54 + C55 (6)
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Finally, the dismantling cost is dependent on the dismantling of each of the components of the farm;
mainly, the wind turbine dismantling (C61), the SATH® platform dismantling (C62), the mooring and
anchoring dismantling (C63) and the electric system dismantling (C64), as Equation (7) is shown [28].
C6 = C61 + C62 + C63 + C64 (7)
2.2. Installation
The SATH® platform considers a pre-laid mooring system of six catenary lines in three groups
of two lines oriented at 120◦ to each other [20]. It considers a single point mooring, which makes an
effective maritime system to handle anchors and lines of lower dimensions, which are less expensive [20].
For the installation of the mooring lines, an Anchor Handling Vessel (AHV) is required [20,30]. Anchors
and chains are lifted by an onshore crane into the AHV deck area where they are fastened for the
transport [20].
The installation of the electric cable (inter array and export cable) can be developed considering
cable-laying vessels specialized in this type of work: load the cable manufacturer, storage in carousels,
burial of the cable into seabed, etc.; This is because its installation is similar to other offshore wind
turbines [20].
The installation of the SATH® platform is carried out using a main tug vessel that will tow the
platform and two auxiliary tugboats that will assist the towing operation if necessary.
2.3. Maintenance
Regarding the maintenance process, SATH® platform can offer a significative advantage with
respect to other floating solutions, or even to the fixed ones, in case of big repairs (blades or other
big equipment replacement) where singular maritime means such as jack-up rigs and floating cranes
could be needed. Note that in high water depths or without enough seabed bearing capacity, jack-up
vessels could be worthless. SATH® platform can be easily disconnected, towed to the nearest port and
moored at the quayside where repairs could be done more easily and quickly with conventional and
less expensive onshore means [27].
The routine of Operation and Maintenance (O&M) activities for the wind turbine, tower and
electrical equipment in floating platforms are similar to those of fixed offshore installations. Additional
singular O&M activities of floating technologies are mainly related to the mooring system, and the hull
structure [27]. SATH® platform uses concrete, a material not requiring maintenance, in all parts of the
platform that come in contact with sea water. Accordance levels of inspections have been established
for the different systems integrating the platform and mooring.
2.4. Calculation of the Economic Parameters
The economic feasibility of a farm developed using SATH® platforms depends on the results of
the following economic parameters: IRR (Internal Rate of Return), Net Present Value (NPV), DPBP
(Discounted Pay-Back Period) and Levelized Cost of Energy (LCOE). The method of calculation is
explained in Figure 1.
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Figure 1. Calculation of the economic parameters.
3. Case of Study
The platform of analysis in this paper is the SATH® concept designed by the Spanish enterprise
Saitec (see Figure 2).
Figure 2. SATH® platform concept. Source: Figure courtesy of Saitec [31].
One of the main differences between the SATH® platform and the previous concepts of floating
wind platforms is the composition of its hull, which is made of concrete instead of steel like previous
platforms (WindFloat [32], TLP [17], Hywind [33]).
A prototype of the SATH platform, called BlueSATH® platform, will be installed in spring 2020 in
front of the Sardinero beach in Santander, a city situated in the North of Spain, as part of the ARCWIND
project. Figure 3 shows the construction of the BlueSATH® platform in the workshops.
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Figure 3. Building of the BlueSATH® platform in the workshops. Source: Figure courtesy of Saitec [31].
The technical data of the prototype concept are presented in Table 1. BlueSATH® is the first
offshore wind platform development of the Saitec company of a 1:6 scale prototype of a 10 MW wind
turbine using the SATH® technology in open sea waters [31]. Its objective is to model the behaviour of
SATH® concept, “allowing structural optimization, cost reduction and validating structural turbine
integrity” [31]. It is composed of 3 chain moorings keeping their position using drag anchors [31].
Table 1. Technical data of the BlueSATH® platform [34].
Concept BlueSATH® SATH®
Type Prototype ARCWIND project
Wind turbine AE-30 kW AEOLOS DTU 10 MW
Power of the wind turbine 30 kW 10 MW
Rotor diameter 15 m 178.3 m
Hub height (above MSL) 17.6 m 108 m
SATH® platform is composed of the following components (see Figure 4):
– Twin horizontal floaters stiffened with diaphragm walls with conical ends and linked with
bar frames.
– Transition piece linking the tower to the platform.
– Heave plates linked to floaters.
– Single point mooring.
The location selected for the case of study, whose main characteristics are shown in Table 2, is
Figueira da Foz (west coast of Portugal, Iberian Peninsula) [35,36] (see Figure 5).




Distance from farm to shore 51,000 m
Distance from farm to onshore facilities 61,000 m
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Figure 4. SATH® platform main components. Source: It has been adapted from a figure courtesy of
Saitec [31].
Figure 5. Case study Figueira da Foz (west coast of Portugal, Iberian Peninsula) [37].
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The alternatives of the case of study depend on the electric tariff (50 €/MWh or 150 €/MWh;
56.32 $/MWh or 168.97 $/MWh) and the capital cost (6% and 8%) (Table 3 shows the scenarios analysed).
The total power of the farm is 500 MW.
Table 3. Scenarios analyzed for the SATH® platform.






Regarding costs, results for a 500 MW floating offshore wind farm located in Figueira da Foz
(Portugal) and composed of 50 SATH® platforms are: 1.2% for the C1, 0.3% for the C2, 42.3% for the C3,
2.9% for the C4, 51.5% for C5 and 1.8% for C6. Therefore, as Figure 6 is shown, the most significant
costs of the SATH® platform are the manufacturing cost (C3) and the exploitation cost (C5).
Figure 6. SATH® platform costs.
The total cost can be disaggregated in the sub-costs previously defined in the present paper, whose
values are defined in Table 4.
Regarding the economic parameters, Internal Rate of Return (IRR) of the project has a value of
0.12% in Scenarios 1 and 2 and 17.64% in Scenarios 3 and 4. This is because the IRR does not depend
on the capital cost of the project. In addition, the discounted pay-back period of the project is higher
than 28 years for Scenarios 1 and 2 and 9 years for Scenarios 3 and 4. Accordingly, the project is not
economically feasible for Scenarios 1 and 2 because IRR is lower than the capital cost considered and
the number of years to recover the investment of the project is very high. This is because the electric
tariff is very low. Alternatively, the project would be economically feasible for Scenarios 3 and 4
because the IRR is superior than the capital cost considered, and the payback period is low comparing
it with the life of the project (20 years). In these last scenarios the electric tariff is high and this is the
main reason why the project would be feasible.
Appl. Sci. 2020, 10, 3678 9 of 12
Table 4. Results of the sub-costs for the SATH® platform.
Concept Cost (%)
C12-Legal aspects 0.2%
C13-Wind resource study, sea states study, seabed study 1.0%
C21-Special Purpose Vehicle (SPV) Cost 0.3%
C31-Generator manufacturing cost 20.0%
C32-Floating platform manufacturing cost 11.4%
C33-Mooring manufacturing cost 5.8%
C34-Anchoring manufacturing cost 1.3%
C35-Electric systems manufacturing cost 3.8%
C41-Generator installation cost 0.2%
C42-Floating platform installation cost 1.1%
C43-Mooring and anchoring installation cost 0.9%
C44-Electric systems installation cost 0.8%
C51 - Assurance cost 0.0%




C61-Generator dismantling cost 0.9%
C62-Mooring and anchoring dismantling cost 0.8%
C63-Electric system dismantling cost 0.1%
Nevertheless, the Net Present Value (NPV) varies depending on the electric tariff and the capital
cost taken into account. Results of the farm considered analyzing the SATH® platform are shown
in Figure 7. Scenario 2 has the worst value for NPV (−531 M€), followed by Scenario 1 (−479 M€).
However, Scenarios 3 and 4 have better values for NPV: 1657 M€ and 1365 M€, respectively. A project
is economically feasible if its NPV is higher than zero. Therefore, regarding NPV Scenarios 1 and 2 are
not economically feasible and Scenarios 3 and 4 are economically feasible because their value is higher
than zero.
These steel structures make floating offshore wind energy more economically viable. If we
compare the material costs of a steel platform with a concrete one, we find a reduction of 37% in the
case of the concrete platform. These costs do not include the cost of installation, transportation, wind
turbine or mooring lines. It is assumed that the costs of these elements that have not been included are
similar for both cases according to [25,38].
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Figure 7. Net Present Value (NPV) for a farm with SATH® platforms.
5. Conclusions
The aim of this work is to develop an economic evaluation of an innovative floating offshore
wind platform whose main material is concrete: The SATH® platform. The floating offshore wind
platforms analyzed in previous studies consider concepts built on steel (for instance: WindFloat, TLP
or Hywind platforms). However, concrete can have some advantages when comparing its properties
with steel ones. These include the installation process, the absence of corrosion, easiness of building,
etc. The SATH® platform has an easier way of installing comparing to other concrete platforms.
The paper developed a method to calculate the costs of the platform and the economic parameters
to determine the economic feasibility of the farm. In order to determine the costs of the platform
it is important to know its main components, which are different from the previous steel concepts:
twin horizontal floaters stiffened with diaphragm walls with conical ends and linked with bar frames,
lower tower section linked to floaters, pitch–roll plate linked to floaters and a single point mooring.
In addition, considering the maintenance process, SATH® platform can offer a significative advantage
with respect to other floating solutions, or even to the fixed systems, in case of big repairs where
singular maritime means such as jack-up rigs and floating cranes could be needed. In this context,
SATH® platform can be easily disconnected and maintained. In addition, SATH® platform uses
concrete, that is a material not requiring maintenance, in all parts of the platform in contact with
sea water.
This case of study has analyzed a farm of 500 MW located in Figueira da Foz (Portugal) and with
several alternatives depending on the electric tariff and the capital cost.
Results show if a farm of these characteristics is feasible in economic terms and which parameters
its profitability depend on. Moreover, scenarios with higher electric tariff give better economic results
for the same costs.
This paper is important in that it offers a new approach of the traditional floating offshore wind
structures, which can represent a path towards the future of the floating offshore renewable energy
technologies. The new concept analyzed in the paper, the concrete SATH® platform, can represent
the future of the floating offshore wind sector if it achieves economic competitiveness in relation to
the present steel floating platforms that are traditionally developed from concepts based in the fossil
fuel sector.
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